Opioid use can induce immunosuppression; however, it is unclear whether opioid use increases infections in patients with advanced cancers. This study assessed the association between opioid use in the week before death and mortality among patients with advanced lung cancer having sepsis. Data on opioid usage in the week before death, general information, and clinical information of the patients were collected retrospectively. The primary outcome was the association between opioid use in the week before death and mortality after sepsis. The study included 980 patients who died of advanced lung cancer between January 2003 and June 2017 (sepsis related: 413, unrelated to sepsis: 567). The average morphine equivalent daily dose in the final week was higher in the sepsis group (313.5 + 510.5 mg) than in the nonsepsis group (125.2 + 246.9 mg, P < .001). A significant association was found between the average morphine equivalent daily dose in the final week and mortality due to sepsis (odds ratio: 1.02, 95% confidence interval: 1.01-1.02, P < .001). This was especially evident when the dose was increased by 10 mg in the final week. Furthermore, older age, male sex, and a lower body mass index were associated with an increased risk of mortality after developing sepsis. Opioid use in the week before death may be associated with mortality for patients with advanced lung cancer having sepsis.
Introduction
Lung cancer is a major global health issue and one of the deadliest types of cancer. 1 Lung cancers are often diagnosed at an advanced stage and therefore require appropriate palliative care. 2, 3 The key purpose of palliative care for patients with advanced cancer is to provide appropriate pain control and, consequently, an improved quality of life. 4 Opioids are often used for this purpose 5 and are prescribed by clinicians in accordance with World Health Organization guidelines. 6 However, recent reports about the effects of opioids on the immune system suggest that they may have negative impacts on the long-term outcomes of patients with cancer. 7 Specifically, the immune suppression caused by opioid use may increase infection rates, 8, 9 especially for patients with advanced cancer who are often already immunocompromised due to chemotherapy or malnutrition. 10 A previous study suggested a possible association between the excessive use of opioids and shortened survival times for patients with advanced non-small cell lung cancer (NSCLC). 11 A more recent study reported that the increased use of opioids results in increased infection rates in patients with advanced cancer. 12 Because patients with advanced lung cancer are often exposed to infections and consequent sepsis, 13 further studies on this topic are needed.
To our knowledge, no studies have assessed the association between the occurrence of sepsis in patients with advanced lung cancer and the amount of opioid use; thus, our study aimed to assess this association. We hypothesized that patients with terminal stage advanced lung cancer who died due to sepsis were associated with higher quantities of opioid consumption compared to patients who died of other causes.
Materials and Methods
This retrospective observational study was approved by the institutional review board (approval number: B-1707/408-104). Because this was a retrospective review of patient medical records, the requirement for informed consent was waived. The study used the medical records of all adult patients (19 years of age) who were diagnosed with advanced lung cancer and died while hospitalized at the single tertiary academic hospital between January 2007 and June 2017. Advanced lung cancer was defined as a primary lung cancer that was found to be inoperable at the time of diagnosis. Small-cell lung cancer (SCLC) was defined as an extensive stage cancer at the time of diagnosis, whereas NSCLC was defined as a stage IIIB or IV cancer. Lung cancer staging was conducted according to the 7th edition of the American Joint Committee on Cancer guidelines.
14 Exclusion criteria for patient selection were as follows: inaccurate information on opioid usage in the final week before death, palliative surgery performed in the week before death, or the occurrence of other primary cancers between the time of diagnosis and death. The study center was a 1360-bed tertiary care hospital as of July 2017. All medical records have been managed and stored electronically since 2003.
Definition of Sepsis in Patients With Advanced Lung Cancer
To define sepsis at the time of death for patients with lung cancer, we used the standards obtained from 2 previously conducted studies 12, 15 : (1) a positive blood culture test in the week before death; (2) an abnormally high white blood cell count, neutrophil/granulocyte ratio, C-reactive protein level, and procalcitonin level in the week before death; and (3) a Sepsisrelated Organ Failure Assessment (SOFA) score of 2. Patients who exhibited either the first or second criterion concurrently with the third criterion were considered to have sepsis. The selection of patients with sepsis was based on this definition and was verified by the 2 main investigators of this study, who are certified intensivists.
Measurements
We collected data on each patient's sex, age, body mass index (BMI, kg/m 2 ), histology of cancer (SCLC or NSCLC), year of death, presence of distant metastasis, history of chemotherapy/ radiotherapy, history of smoking, cause of death, and the average morphine equivalent daily dose (MEDD, mg) in the final week before death. Distant metastasis only included metastases of the bones or major organs. Cause of death was categorized as sepsis, respiratory failure without sepsis, cardiologic, neurologic, or others (eg, unclear, gastrointestinal bleeding, acute kidney injury, endocrinologic). The infection source was further categorized as respiratory, digestive, genitourinary, unknown, or others (eg, skin, wound, cardiac, brain, spinal cord, brain). To calculate the average MEDD in the final week, the total opioid usage in the 7 days preceding and including the date of death was accurately measured. Using a standard conversion ratio, the sum of these values was divided by 7 to calculate the average MEDD for the final week 16 (Appendix A).
Outcomes
The primary outcome of this study was the potential association between sepsis as a cause of death in patients with terminal stage advanced lung cancer and opioid usage (based on the average MEDD for the week before death). The secondary outcome was the clinical factors associated with the occurrence of sepsis in patients with terminal stage advanced lung cancer.
Statistical Methods
The patients were grouped into quartiles based on opioid usage. The w 2 test was used to estimate possible demographic differences in the categorical data for each group. Analysis of variance was also used to find differences in the demographic data between the groups of continuous data, along with the Scheffe test. Similarly, a w 2 test and t test were used to compare the groups with sepsis at the time of death and those without sepsis.
Finally, univariable and multivariable logistic regression analysis was performed to determine whether opioid usage was independently associated with sepsis at the time of death. All covariates (age, BMI, histology of cancer, distant metastasis, receipt of chemotherapy or radiotherapy, history of smoking, and year of death) were included in the multivariable model for adjustment. Our main independent variable, the average MEDD in the last week, was included in 2 different multivariable models as a continuous variable and as a categorical variable in quartile to avoid multicollinearity in the models. Hosmer-Lemeshow test was used to confirm goodness of fit of the 2 multivariable models. The results of the multivariable model were presented as odds ratio (OR) with 95% confidence interval (CI). Additionally, the restricted cubic spline was used to present the log odds of development of sepsis according to average MEDD for the final week. R software (version 3.6.0; R Foundation, Vienna, Austria) was used for all analyses, and P < .05 was considered to be statistically significant.
Results
A total of 1085 Asian adult patients with advanced lung cancer died while hospitalized at the institution between January 2007 and June 2017. The following patients were excluded from the study: 24 patients who had an additional primary cancer at the time of death, 12 patients who died within a week after a palliative operation, and 69 patients who had inaccurate records on opioid usage in the final week before death. In all, 980 patients were included in our analysis. Of these patients, 413 died of sepsis and 567 died of other causes.
Baseline Characteristics by Average MEDD in the Final Week Table 1 shows the baseline patient characteristics by average MEDD in the final week of life by quartiles. The proportions of deaths due to sepsis were significantly different between the quartiles of opioid usage: quartile 1 (<30 mg): 44.0% (102/ 232); quartile 2 (30-60 mg): 30.7% (62/202); quartile 3 (60-165 mg): 33.7% (98/291); and quartile 4 (>165 mg): 58.8% (150/255; P < .001). In addition, age (P < .001), presence of distant metastasis (P ¼ .007), history of chemotherapy (P < .001), history of radiotherapy (P ¼ .006), and the cause of death (P < .001) were significantly different between the quartiles. Figure 1A and B are restricted cubic splines that show the relationship between average MEDD in the final week and the log odds of death caused by sepsis and death caused by sepsis due to respiratory infection, respectively. The log odds of mortality from sepsis and from sepsis caused by respiratory infection tended to increase with increased average MEDDs in the final week of life. Table 2 shows the differences between patients who died of sepsis and patients who died of other causes. Patients who died of sepsis had significantly higher average MEDDs in the final week of life compared with patients who died of other causes (sepsis: 313.5 + 510.5 mg vs nonsepsis: 125.2 + 246.9; P < .001). In addition, the proportion of males (sepsis: 78.7% vs nonsepsis: 70.0%; P ¼ .003) and age (sepsis: 69.7 + 9.9 years vs nonsepsis: 65.7 + 11.7 years; P < .001) were also significantly higher among patients who died of sepsis. Body mass index was significantly lower in the sepsis group (sepsis: 21.0 + 3.6 kg/m 2 vs nonsepsis: 21.7 + 3.5 kg/m 2 ; P ¼ .003), as was the proportion of patients with distant metastases (sepsis: 22.8% vs nonsepsis: 28.9%; P ¼ .031). Respiratory infection was the most common infection type (91.3%). Figure 2 shows the average MEDD before and after the diagnosis of sepsis in patients with advanced lung cancer. The average MEDD before sepsis diagnosis was lower than the average MEDD after the diagnosis of sepsis (MEDD before sepsis: 105.3 + 148.2 mg vs MEDD after sepsis: 223.5 + 148.2 mg; P < .01). Table 3 shows the results of uni-and multivariable logistic regression analyses for death due to sepsis in patients with advanced lung cancer. A significant association was observed between the 10 mg increase of average MEDD in the final week of life and death from sepsis (OR: 1.02, 95% CI: 
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Discussion
Our study shows that patients with terminal stage advanced lung cancer who died of sepsis used higher quantities of opioids compared with patients with terminal stage advanced lung cancer who died of other causes; this result was statistically significant in the multivariate logistic analysis. This finding is in agreement with the results of a study in which the daily increased oral morphine equivalent was associated with a risk of infection in patients with advanced cancer. 12 A unique characteristic of our study is that it only included deaths caused by sepsis in patients with terminal stage advanced cancer. In addition, our study suggests that the risk of death due to sepsis is positively associated with increased age, male sex, and NSCLC cancer type.
This study shows that excessive opioid use by patients with advanced cancer could contribute to the development of sepsis. Because sepsis is common among hospitalized patients with cancer, 17 this finding may have clinical significance. Furthermore, effective pain control that avoids excessive opioid use is now an important issue in the palliative care of patients with advanced cancer. 18 Therefore, our findings suggest that opioid dosage may affect mortality from sepsis for patients with advanced lung cancer.
Because of the effects of opioids on the immune system, we hypothesized that the excessive use of these drugs may be associated with death due to sepsis in patients with advanced lung cancer. The suppression of the immune system through opioid usage and the consequent worsening of long-term oncologic outcomes are important issues, although they are still controversial. 19 Furthermore, it remains unclear how opioids affect the immune system, and the findings pertaining to induced immunosuppression and immunostimulation are paradoxical. 20, 21 However, unlike previously conducted studies, our findings show that the excessive use of opioids is associated (although weakly) with infections in patients with advanced cancer. 12 In general, a patient with advanced cancer is already in an immunocompromised state, and their condition worsens as the cancer progresses to the terminal stage. 10 Based on the results of a previous study, which reported increased rates of opportunistic infections in opioid abusers, 8 we suggest that the excessive use of opioids by immunocompromised patients with advanced cancer can increase infection rates.
A few points should be considered in the interpretation of our study's findings. First, infection and sepsis in the patients may not have been affected by the immune system, but by various other factors. For example, in the case of aspiration pneumonia, mental status and swallowing difficulty are important causative factors. 22 In the case of urinary tract infections, the time taken for Foley catheter insertion inevitably has effects, whereas all nosocomial infections are likely to be affected by the length of the hospitalization period. 23 Furthermore, chemotherapy history and nutritional status should also be considered. Despite the fact that our study could not consider the type and number of chemotherapy agents/treatments administered and the exact assessment of the nutritional status could not be performed, factors such as the history of chemotherapy and BMI had no effects on death due to sepsis in patients with advanced lung cancer. Therefore, considering the drawbacks arising from the retrospective nature of this study, the excessive use of opioids has a significant association, rather than a clear causal relationship, with death due to sepsis in patients with advanced lung cancer. Moreover, the difference in the ORs between the average MEDD in the final week and death caused by sepsis was 1.002, which is extremely close to the value of 1 and further supports our hypotheses.
Another important issue is the appropriateness of the definition of sepsis, considering the characteristics of patients with advanced lung cancer. Infection and sepsis, severe sepsis, and septic shock cannot be easily distinguished, and their definitions change often. 24 We used the standards suggested by Shao et al 12 who defined infection in patients with advanced cancer. Thus, the first step in defining the infection was based on the results of a blood culture test. Then, laboratory test results were considered, including white blood cell counts, neutrophil granulocyte ratios, C-reactive protein levels, and procalcitonin levels. Second, to assess organ dysfunction, SOFA scores were used. Lastly, the systemic inflammatory response syndrome (SIRS) sign was used in parallel. Patients with advanced lung cancer can have symptoms similar to those of SIRS due to the unstable hemodynamic status that results from various reasons other than infection. 25 Therefore, an SIRS assessment in patients with terminal stage advanced lung cancer would have low specificity and was not performed in this study. However, there are no established tools or systems that can effectively judge and define sepsis in patients with lung cancer; therefore, additional studies must be conducted.
This study had a few limitations, including the retrospective design of the experiment. Second, we only accurately assessed opioid use (amount) in the final week before death; the rate of increase in opioid usage, according to disease progression, could not be considered. Third, the changes and developments that the clinics underwent, along with the changes in the physicians, across the 15 years (2003-2017) of the study could not be taken into consideration. Lastly, to calculate the sums of the different types of opioids, conversions needed to be performed; the accuracy of the conversion method we used is still controversial. 26 However, this study's strength lies in the fact that it is the first study to assess the association between opioid usage and death from sepsis in patients with advanced cancer.
In conclusion, our study showed a significant association between the amount of opioids used in the final week before death and death due to sepsis in patients with advanced lung cancer.
